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AntiNuclei: A Clean Search Strategy
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Tentative Evidence for Antinuclei





Chasing an AntiHelium Signal
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1.) Coalescence Rates (1401.2461) 

- Astrophysical Acceleration (2001.08749) 

2.) Lambda_b Enhancement (2006.16251, 2106.00053) 

3.) Strongly Coupled Dark Sectors (2211.00025) 







Key Insight - Coalescence Momentum for Antihelium Should Be Larger

While particle coalescence is hard to measure, the inverse process (fragmentation) is easier 
to measure. Helium’s binding energy significantly exceeds deuteriums 

Can also use Heavy ion results (Berkeley Collider), which provide a lower-measurement of 
the coalescence momentum at a specific particle energy: 



Coalescence Models - Expected Helium Flux
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Using more realistic estimates for the anti helium 
coalescence momentum produces a boosted anti 
helium flux, especially at low energies.  
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Using more realistic estimates for the anti helium 
coalescence momentum produces a boosted anti 
helium flux, especially at low energies.  

Coalescence Models - Expected Helium Flux



However the Rigidity of these Antihelium Events is High





Idea 2: A New Method for Producing Antihelium



A Standard Model Resonance to Enhance Antihelium

From: Martin Winkler 

Previous analyses have missed the 
(potentially) dominant contribution to anti-
Helium production. 

   has correct parameters to produce : 

- Antibaryon number of 1 

- Mass: 5.6 GeV ( )  

- Or:  because 

Λb
3He

p̄, p̄, n̄, p, p
p̄, n̄, n̄, p, p 3H → 3He

R ∝ p3(A−1)
0 R ∝ exp[ − (pi − pf)]



Can produce a significant 
enhancement of the total 
anti helium flux. 

Moreover, the 
enhancement is at high-
energies - matching the 
data. 

Winkler & Linden (2020; 2020.16251)

A High-Momentum Bump!





  rate Λb → 3He

Uncertainties in the Rate

Pythia: Herwig:

P(Λb → 3He + X) ∼ 10−6 P(Λb → 3He + X) ∼ 10−9



Can We Find this At Particle Accelerators?









Uncertainties in the Rate

Di Mauro et al. (2504.07172)

There are tunes of Pythia that decrease the expected anti-helium flux.



Some Caveats

1.) LHCb results are preliminary 

2.) There is a factor of two offset, because tritium decays to  in space. 

- This can potentially be larger, because  has smaller 
kinetic energy (117 anti-tritium detected by LHCb, but no spectrum) 

3.) Unclear how inclusive cross-sections are calculated with additional pions 
(which may make the momentum of the  and p harder to distinguish). 

4.) No searches for  . This could dominate, for example, if the 
proton and  quickly re-annihilate due to Coulomb attraction. 

3He
p + n + n + p + n

3He

3H + n + n + π+

3He



Problem: Are We Actually Observing Antihelium 4?



Cannot Enhance Antihelium-4 with Λb

From: Martin Winkler 

 has correct parameters to produce : 

- Antibaryon number of 1 
- Mass: 5.6 GeV 

Λb
3He

Too light to produce ! 4He



Strongly Coupled Dark Sectors



Strongly Coupled Dark Sectors

Just make a ton of quarks. 

The production of heavy nuclei scales strongly 
with the number of quarks in the final state.  

In QCD, a single 100 GeV annihilation 
produces O(100) pions 

The dark matter model looks like a dark 
version of QCD. 



Strongly Coupled Dark Sectors

The dark pions need to be very 
heavy — so the dark matter also 
has to be very heavy. 

For annihilating dark matter — we 
are limited by unitarity. 

For decaying dark matter, we are 
not. 



Strongly Coupled Dark Sectors

This significantly boosts the anti helium production rate: 
By a factor of n9 for  and n12 for  3He 4He



Strongly Coupled Dark Sectors



Conclusions

These are non-standard approaches. Even if dark matter is a WIMP, 
it may not produce antihelium. 

However, if antihelium is detected, these are among the most 
reasonable methods for producing such an exotic particle. 

All of these avenues are experimentally testable with upcoming 
colliders. 


